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I 
摘要 
 
利用半导体吸收太阳能分解水产生氢气是同时解决环境污染和能源短缺两
大危机的最有效方法。然而，限制这一技术应用于实际的核心问题在于缺乏高
效、稳定的半导体光催化剂。经过几十年的研究，人们对半导体光催化分解水
的原理已经有了深入的认识，但依然面临着不少的难题。例如，人们已知金属-
半导体异质结的形成可提高光生载流子的分离效率，但对于金属在不同晶面上
所形成的界面势垒对分离效率的影响研究较少；人们已知通过掺杂可以拓展半
导体吸收光谱、提高光生载流子分离效率，但对于掺杂是否会影响光生载流子
在催化剂表面的反应效率则了解不多。如果这些问题能够得以解决，不仅能够
大大提高人们对光催化这种特殊催化反应的认识，还能帮助研究人员设计出更
好的光催化剂。 
本论文试图通过在不同晶面上负载纳米 Au 的方式来研究不同界面势垒对
于光催化分解水过程中光生电子-空穴分离效率的影响；此外，试图通过 Ni 掺
杂 TiO2 体系来研究金属离子掺杂对于光生载流子在界面处催化效率的影响。具
体内容总结如下： 
1. 根据文献分别合成了以{101}晶面、{001}晶面为主的两种不同形貌的锐钛矿
TiO2（即 TiO2(101)和 TiO2(001)），对比考察了两种 TiO2在电子结构、能带
结构与表面结构之间的关联性。实验结果表明，两种 TiO2 具有截然不同电
子结构——TiO2(101)中存在含单电子的 O，而 TiO2(101)更易被还原。紫外
可见吸收光谱和 Mott-Schottky 测试结果表明，两种 TiO2 具有相同的禁带宽
度，但 TiO2(001)的平带电位要比 TiO2(101)低 0.24 V，这一结果很好地解释
了 TiO2 光催化剂中光生载流子“晶面分离”（光生电子迁移到{101}晶面，光
生空穴迁移到{001}晶面）现象的起因。此外，通过吸附的方式将 Au 纳米
棒与 TiO2(101)和 TiO2(001)复合，在此基础上探讨了肖特基势垒高度对 Au
纳米晶表面等离子共振效应产生的热电子的分离效率的影响。我们发现，由
于 TiO2(001)的平带电位比 TiO2(101)更低，从 Au 纳米棒转移到 TiO2(001)的
热电子比到 TiO2(101)更多，即形成了更高的肖特基势垒，热电子寿命也越
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II 
长，因而可见光下分解水产氢的性质也越好。 
2. 以钛酸钾纳米线为前驱物，将其在含 Ni2+的溶液中进行水热处理，成功制备
得到了形貌为梭状的 Ni2+掺杂的锐钛矿 TiO2 纳米晶。紫外可见吸收光谱表
征表明，Ni2+掺杂大大拓展了 TiO2 纳米晶的吸光范围，不仅可以吸收 400 
nm 以下的紫外光，在 400 ~ 500 nm 的蓝光区和 600 ~ 800 nm 的红光区也产
生了明显吸收；光解水测试结果表明，适量的 Ni 掺杂可以大大提高了 TiO2
纳米晶在全光下的产氢性能。然而，通过可见光下的产氢实验以及荧光寿命
测试，我们发现 Ni2+掺杂 TiO2 纳米晶的这种性能提升并不是来源于光吸收
效率的提高，光生载流子的分离效率也和 Ni2+的掺入与否无关，因此我们推
测 Ni2+的引入实际提升了 TiO2纳米晶的界面催化效率。 
 
关键词：半导体；肖特基结；掺杂；光催化；光解水 
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Abstract 
 
Solar energy driven water splitting catalyzed by semiconductors is the most 
effective way to solve the environmental pollution and the energy crisis. 
However, the key to restrict the practical application of this technology is the 
lack of highly efficient and stable photocatalysts. Although researchers have 
gained a deep comprehension about basic principles of semiconductor-based 
photocatalysis, there are still many difficulties and challenges to resolve. For 
instance, the Schottky junction between metal co-catalysts and semiconductor 
photocatalysts is known to be in favor of the separation of photogenerated 
charge carriers, but the interfacial effects with respect to crystal faces are often 
ignored; Regardless of the improvement of charge carrier generation and 
separation efficiency via doping, the oxidation/redox catalytic property of 
photogenerated carriers at the surfaces has been not fully understood in the 
doped photocatalysts to date. Once these problems are settled, we can get a 
more  comprehensive and profound understanding about photocatalysis, which 
help us to design photocatalysts with better performances. 
In this thesis, we attempted to investigate the influence of the Schottky 
barrier on the separation process of photogenerated carriers by the method of 
loading Au nanoparticles onto different crystal faces. In addition, the effect of 
metal doping on the interfacial catalytic reaction of photogenerated carriers was 
studied by taking nickel doped TiO2 for example. The main contents are 
summarized as following: 
(1) Anatase TiO2 nanocrystals with predominant {101} crystal faces (i.e., 
TiO2(101)) or {001} crystal faces (i.e., TiO2(001)) were specially prepared to 
investigate the relationship between their surface structure and the 
corresponding electronic structure as well as energy band structure. Our results 
show that the electronic structure of TiO2(101) is entirely different from that of 
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TiO2(001). We find that that single-electronic O• is only detected in TiO2(101), 
while TiO2(001) is more easily reduced. In addition, the UV-Vis absorption 
spectra and Mott-Schottky analysis further reveal that the flat band potential of 
TiO2(001) is 0.24 V lower than that of TiO2(101), despite that the two TiO2 
nanocrystals possess the same band gap. This result well explains why a spatial 
separation phenomenon spontaneously occur in TiO2 nanocrystals with 
exposed {101} and {001} facets. On this basis, we investigated the influence of 
TiO2/Au Schottky junctions formed on different TiO2 facets on the separation 
efficiency of the hot electrons produced by the surface plasmonic resonance of 
Au. We find that the number of hot electrons transferred from Au to TiO2(001) 
is more than that to TiO2(101) due to the lower flat potential of TiO2(001). As 
such, the recombination of hot electrons and holes is significantly suppressed in 
the case of TiO2(001)/Au, which leads to the better hydrogen evolution 
performance of TiO2(001)/Au under visible light than TiO2(101)/Au. 
(2) Spindle-like Ni2+ doped anatase TiO2 nanocrystals were successfully 
prepared via a hydrothermal route with potassium titanate nanowires as 
precursors. The UV-Vis absorption spectra reveal that Ni2+-doped TiO2 
nanocrystals can absorb the light in the regions of 400 ~ 500 nm and 600 ~ 800 
nm, in addition to ultraviolet light below 400 nm. Moreover, the hydrogen 
production rate of the TiO2 nanocrystals under the full spectrum light is 
significantly enhanced through a proper amount of Ni doping. According to the 
hydrogen production experimental results under visible light and fluorescence 
decay analysis, we find that this improved photocatalytic performance of Ni2+-
doped TiO2 nanocrystals is not attributed to the enhancement of the light 
absorption efficiency and the separation efficiency of photogenerated charge 
carriers. We propose that the doping of Ni2+ may promote the reaction rate of 
photogenerated carriers on the surface of TiO2 nanocrystals. 
 
Keywords: Semiconductor; Schottky Junction; Doping; Photocatalysis; Water 
Splitting 
厦
门
大
学
博
硕
士
论
文
摘
要
库
Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
